Objective: Day-of-surgery cancellations have a negative effect on operating room (OR) resources, as well as on patient satisfaction and perception of quality of care. Given increasing wait times in a universal healthcare system and the nature of urological surgery in our aging population, it should be a priority to identify modifiable risks of OR cancellations to assure timely and efficient delivery of care. We explore the rate and reasons for elective surgery cancellations in a Canadian urological practice. Methods: We evaluated the rate and reason of urological surgery cancellation at a single academic institution, prospectively collected in our centre's Operating Room Scheduling Office System (ORSOS) database. Documented reasons for cancellations were divided into 3 components: (1) structural factors (e.g., no hospital bed); (2) patient factors (e.g., patient unwell); and (3) process factors (e.g., scheduling error). Rates and reasons for cancellations were compared to those of General Surgery and Gynecology. The documented reasons for cancellation in the ORSOS database were confirmed or extended by chart review and interviews with a subset of cancelled patients. Results: Between 2005 and 2009, 1544 out of 19 141 (8.07 %) elective surgical cases were cancelled within the three surgical specialties (general surgery, gynecology and urology); urology had the highest average rate of 9.53%. Non-oncological cases represented a higher percentage of cancelled cases (15%, p < 0.001) and overall rates varied significantly over time in urology compared to the other surgical specialties. Potentially modifiable, processrelated causes were by far the most common reason for cancellation (58.5%) and "standby" cases were a common cause of overall cancellation rates. Patient interviews confirmed the emotional and financial impact of cancellation; there was no overwhelming concern that clinical outcomes were negatively affected. Conclusions: This contemporary exploration of cancelled urological cases is consistent with previous reports, although variable over time and dependent on definitions used. Potentially modifiable, process-related factors appear to be most frequently associated with cancellation, although more thorough and detailed documentation is required to further mitigate inefficient OR use. We suggest that all OR cancellations should be considered to be adverse incidents to be monitored by institutions in a systematic fashion.
Introduction
Surgical wait time in Canada is the most visible and yet contentious quality of care indicator in our universal healthcare system and is inter-related with all three components of Donabedian's framework: structure, process and patient outcome. [1] [2] [3] Despite much attention paid to pre-operative surgical preparation, day of surgery cancellations remain a major cause of inefficient use of operating room (OR) time and a drain on finite healthcare resources. [4] [5] [6] Cancellations also create a financial burden for patients in addition to potential emotional stress and a negative impact on perception of quality of care. [7] [8] [9] [10] Monitoring cancellation rates and indentifying modifiable causes should be a priority for all stakeholders to assure the timely and efficient delivery of surgical care.
International studies have documented day-of-surgery cancellation rates as high as 13% for elective surgery and many jurisdictions have instituted limited interventions to decrease these rates, 11, 12 including the introduction of monitoring software 13 and charging patients directly for missed appointments. 14 Targeting interventions in focused areas, such as manipulation of case sequence or initiating preoperative evaluations closer to the OR date, 15, 16 appear to be ineffective given the wide-ranging reasons for cancellations. Although it is reported that most cancellations may be avoidable, 4, 6, [17] [18] [19] a consistent and standardized method of documenting contributing factors is lacking. Although reasons for cancellation are generally patient-or hospitalinitiated, 4, 17 we have categorized these at our institution as structure-related (e.g., no hospital bed), patient-related (e.g., patient unwell) or process-related (e.g., scheduling error) based on Donabedian's quality of care framework. 3 Cancellation rates vary not only between different hospital types and sizes, 1 but also depends significantly on surgical leslie et al.
specialty and individual surgeons. 4, 5, 19, 20 Comparatively high cancellation rates have been reported in specific services, such as urology and otolaryngology, [19] [20] [21] perhaps due to a bias of those with complex and variable case durations. 20 Given the documented increase in wait times in urology, 9 further investigation in a contemporary urological setting appears justified given the nature and scope of our specialty in an aging population. The objective of this study was to identify the rate and reasons for elective surgery cancellations in a Canadian urological practice and to explore the ability of available administrative data to categorize potentially modifiable factors.
Methods
To more fully understand our findings in the context of other hospitals in our region, we first compared our hospital's reported cancellation rates to others contained in an administrative dataset available through Ontario's Operating Room Benchmark Collaborative (ORBC) over the 12-month period of April 1, 2009 to March 31, 2010. The criteria used to compare our centre to peer hospitals included: acute teaching hospital (any number of beds and ORs), academic centre, trauma centre (all levels), oncology program and open heart program. The ORBC data demonstrated only a slightly higher cancellation rate for our institution (6.6%) compared to that of other profile-matched Ontario hospitals (5.5%). Unfortunately, variations in data collection and definitions of reasons for cancellations, as well as a lack of case detail with such administrative data, make it difficult to compare reasons for cancellations between institutions.
Following ethics approval from the Queen's University institutional review board, our centre's Operating Room Scheduling Office System (ORSOS) database was used to examine cancellation rates of all electively booked urological surgery over a 5-year period between January 1, 2005 and December 31, 2009. Surgery cancellation was defined as any operation on the OR list, printed the day before surgery, which then did not proceed. Emergency cases were excluded, but cases listed as "standby patient" were taken into account. "Standby" patients were listed by the surgical service if estimated time of booked cases was greater than time available predicted by the ORSOS system or at the discretion of the surgeon. Rates and reasons for day-of-surgery cancellations were also compared to those in gynecology and general surgery.
Explanations for cancellations are identified and coded by the daily operational triage nurse in the OR and documented in the ORSOS system. With the exception of holidays and minimal vacation and sick-days, a single charge nurse was responsible for codifying all surgery cancellations. There are 37 separate choices for coding a case cancellation (Appendix 1). This method of documentation was developed and revised in collaboration by nurses, surgeons and OR administration staff and has been used since 2000. In an attempt to confirm and further detail the cause of a particular cancellation, we collected data from the OR nurse triage notes and we performed a chart review to identify further information from the anesthesiologist or surgeon's notes. The chart review was only feasible for the last 2 years of the study, between January 1, 2008 and December 31, 2009, when electronic scanning of documentation was introduced.
To better appreciate potential modifiable risk factors and how they change over time and between specialties, we categorized the 37 different coded reasons for surgery cancellation into three groups: (1) patient-related; (2) processrelated; and (3) structure-related. Examples of patient-related cancellations were "patient refused/cancelled procedure" and "patient too ill for surgery." Every attempt was made to ensure these factors were not secondary to incomplete preoperative preparation, which then would have been coded differently. Structure-related cancellations included those related to hospital constraints or uncontrollable factors, such as weather and included "crisis cancellation," "emergency case inserted" and "no bed/step-down bed available." We considered process-related cancellations as those which were due to the organization and facilitation of perioperative care and scheduling, including "anesthesiologist late," "incorrectly booked," "patient not NPO," "room running late" and "surgeon running late."
Finally, standardized phone interviews were conducted with cancelled urological patients booked for surgery between January 2009 and January 2010. Interviews were performed at least 5 months after cancellations to evaluate each patient's experience and satisfaction with the process using open-ended questions and a quantitative survey. These closed-ended questions, each with a 5-point Likert scale, were developed after a literature search and consultation with stakeholders on the healthcare team.
Calculations and statistics
The surgical cancellation rate was calculated as follows: [number of cases cancelled] / [number of cases cancelled + number of elective cases completed]. Data were presented as rates per calendar year. Descriptive statistics for the closed-ended questions in the patient interview were presented as mean ± standard deviation (SD). For ease of reporting, agreement scores for the closed-ended questions included the first and second score (strongly agree, agree) in the 5-point Likert scale. Inferential statistics used to compare cancellation rates included Student's two-sample t-test 22 for continuous data or Fisher's exact test and χ2 test for dichotomous data. One-way ANOVA was used to compare rates of cancellations over time. GraphPad Prism was used for statistical analysis.
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Results
The ORSOS database for the three surgical services (gynecology, general surgery, urology) identified 19 141 booked elective cases, of which 1544 (8.0%) were cancelled over the 5-year period of time. Of the three specialties examined, urology had the highest 5-year average cancellation rate at 9.5% (430/4512). Gynecology had the lowest at 6.8% and general surgery at 8.2% (Fig. 1a) . Rates appeared to vary with time, especially for the urology service with a peak of 13.4% and its nadir at 7.3% in the most recent year; these fluctuations, however, were not statistically significant (p = 0.162, one-way ANOVA).
Cancellation rates were dependent on the inclusion or exclusion of "standby" cases listed on the elective booking list, particularly for the urology service (Fig. 1b, p < 0.001) . Rate of cancellation differed significantly based on surgical indication (Table 1) . Non-oncological cases were preferentially cancelled (15%) compared to genitourinary cancer surgery (5%).
Causes of surgical cancelations divided into structure-, process-and patient-related factors are shown for each specialty over the 5-year period (Table 2 ). Over 5 years for all three specialties, structure-related causes (Fig. 2) accounted for 22.8% of OR cancellations, compared to only 19.6% of patient-related cases (Fig. 3) . Structure-related cases of cancellations were most common in general surgery, most often due to a higher number of urgent cases displacing elective case load during the OR day. Although structureand patient-related factors associated with OR cancellations may have been identified preoperatively or modified with a significant increase in resources, process-related causes are likely more easily targeted to affect change. We found that these process-related cases were by far the most common among the three specialties at 57.6% (Fig. 4) , which is similar to other reports. 20 Interestingly, the reduction in cancellation rates in the urology service was associated mostly with improvements in the process-related factors.
Of the 50 cases cancelled in the 2009 calendar year, 29 patients were successfully contacted and interviewed (58% response rate). However, 26% (13/50) of all cases had no updated contact information and only 16% with valid information were not interviewed (3 did not want to participate and 5 were unreachable by phone). The interview results showed that about half of the patients contacted were notified of the need for cancellation less than 60 minutes prior to, or after, their scheduled OR time. Most interview respondents said they were made aware of the reason for the cancellation, although 4 (14%) reported no information was given and in another 4 (14%) cases, the reasons given were not corroborated by the administrative data. Out of the 29 patients interviewed, 20 (69%) were notified in person, 14 by their physician and 6 by a nurse. Interview respondents were modestly satisfied (3.9, mean±1.4 SD) with the perioperative process on the day of their cancelled cases; 63% agreed that it was handled appropriately. Four of the 50 patients were repeat cancellations. The average amount of time required to reschedule cases was 5 weeks, with 69% waiting less than 2 weeks. Three patients (10%) reported that they needed to seek medical attention in the intervening time; however, 23 (80%) believed their cancellation did not lead to any problems or a worse health outcome. Patients did report that the day-of-surgery cancellation did lead to a modest amount (2.0±1.1) of additional emotional burden; 34% of patients said that the cancellation led to severe or moderate stress (4 and 5 on Likert scale). Similarly, financial burden was reported to be modest (2.0±1.3), with 20% reporting severe or moderate financial issues encumbered by the cancellation.
Discussion
In this retrospective, contemporary series of elective surgical cases, overall the cancellation rate of 8.1% was lower than previous reports, but still represents a significant barrier to timely care. Of the three surgical services reviewed, urology had the highest rate of cancellation of 9.5% over the 5-year period of time; this confirms other reports that urology is prone to day-of-surgery cancellations. [20] [21] [22] [23] Although some of these reports categorized the reasons for cancellation differently, 22 ,23 it appears that most cancellations were likely also do to process-related issues. The explanations for these higher cancellation rates are likely multifactorial, but may include the variable case mix of urological practice often weighted to non-oncologic, non-urgent cases in an older, potentially more comorbid, patient population. Furthermore, persistent underestimation and turnover time by surgeons may bias against services with higher percentage shorter and generally stable duration of OR times. 20 The prospectively collected, administrative data on cancelled cases in many institutions would appear to be limited in their ability to provide robust information to highlight problem areas and direct policy to reduce late surgical cancellations. 20 Several reports categorize reasons for surgical cancellations from data collected within the institution to identify modifiable factors, although none are extensively Cancellation rate (%) 5% 15%
*Rates vary significantly (Chi-Square, p < 0.0001).
surgical cancellations in urology validated. 4, [17] [18] [19] [20] In our experience, the available data allow some categorization of reasons for cancellations into patient-, structure-and process-related factors, differences of which were sensitive to variations over time as well as between surgical specialties. Our strategy of categorization is similar to those in other reports, 18, 19 and it could be useful to identify potentially more modifiable reasons for cancellation.
We found that in urology, 55% of cancellations were secondary to process-related causes. Although this categorization was retrospective and perhaps arbitrary, as most of the factors associated with cancellation are inter-related, it appeared to be sensitive to changes over time and any changes seen in cancellation rates in the urological service was mostly informed by improvements in this area. For example, cases listed on the final OR schedule as "standby" were responsible for a significant number of cancelled cases. Internal changes to the listing and management of these cases over the study period affected overall cancellation rates in the urological service. Although targeting such discrete issues are helpful, tackling each problem in the process, beginning with the initial booking to patient notification, is likely required to attain sustained quality improve- 3 . Percentage of structure-related causes for cancellation of surgery by specialty per year during study period. General surgery had the highest average structure-related reasons for cancellation of surgery at 3.2%. Structurerelated cancellations for Urology and Gynecology averaged 2% and 1.1%, respectively, during the study period. leslie et al.
ment. We strongly feel that there is potential to better monitor cancellations to improve OR utilization. Unfortunately, the available administrative data did not allow for more in-depth description and assessment of other process-related issues; the extensive chart review and patient interviews only resulted in further insight into reasons for cancellation in 28% of cases (data not shown). Chart review data were not used to change categorization coding when conflicting charting was found, however this was a rare event. We suggest that each surgical cancellation should be considered an adverse incident with more robust, prospective data collection and frequent reporting given the apparent fluidity of rates over time.
Day-of-surgery cancellations may have emotional and economic impacts on patients; qualitative and quantitative interviews from our study and results from other studies confirm this finding. [7] [8] [9] [10] However, it is interesting that most patients did not feel that the cancellation was associated with further health problems or a worse outcome. Specific areas of improvement identified from the patient interviews were communication between OR staff and patients, as well as the timing of OR rescheduling, particularly in the context of financial issues as well as prolonged wait times for nononcological urological cases.
As with all survey studies a limitation of this data is selection bias. The fact that we could not reach 26% of patients (without valid contact information) and another 16% (unreachable or chose not to participate) may add to the bias of our results. A further limitation of our study was the cancellation codes. They were often inadequate and did not account for cancellations that were multifactorial, nor did they identify the root cause of the cancellation. For example, "surgery running late" could be due to delays in the post-anaesthesia care unit earlier in the day. We need to start identifying the root causes of cancellations and document whether they were avoidable or not.
Conclusion
We believe that every cancellation should be considered a failure of the system and, consequently, an incident report should be filed for each cancellation. This failure would require a detailed note with an explanation of the potentially multiple reasons for cancellation with input from multiple sources rather than a single code. These results would be reviewed by the OR manager and the key stakeholders to ensure constructive change occurs to reduce inefficiencies in the system. 
Fig. 4.
Percentage of process-related causes for cancellation of surgery. Figure displays large variation of cancellation rate due to process related causes between specialty and year during study period. Percentage of process-related Urology cancellation varies between 3.3 and 9.6%, averaging 6.0%. Process related cancellations for General Surgery and Gynecology averaged 4.7% and 4.5%, respectively, during the study period.
surgical cancellations in urology
This paper has been peer-reviewed.
